Formation of the dart in the snail Helix aspersa occurs following loss of the dart during mating behavior. The new dart is formed during a period of 5-6 days within a dart sac lined with epithelium, and the stages of its development can be followed by x-ray radiography. CaCO3 deposition is initiated at the tip of a conical tubercle covered with epithelium and proceeds anteriorly forming a shaft with blades and then posteriorly with the formation of a flared region bearing pleated rods. The form of the dart appears to be governed by the conformation of the epithelium lining the dart sac.
SYNOPSIS S
The dart of Helix aspersa is a calcium carbonate structure 8 to 10 mm long consisting of an elongated hollow shaft with four long blades parallel to the shaft axis at approximately right angles to each other. The posterior region of the dart is flared and bears numerous pleated rods. A new dart is formed within about five days following expulsion of the dart during mating, and details of dart development have been followed by x-ray radiography. Development occurs within a dart sac lined with epithelium and involves deposition of CaCO3 beginning at a conical tubercle and proceeding anteriorly forming the shaft and blades. Growth then follows a posterior direction over the tubercle with the formation of the flared region bearing the pleated rods. The form of the dart appears to be determined by the grooved tubercle on which the dart is fixed and on the conformation of the dart sac epithelium.
INTRODUCTION
In many land snails, a calcified dart is formed within a dart sac in the anterior reproductive tract. This dart is extruded by each partner during mating and often penetrates the opposite member of the pair. Darts are present in the families Helicidae, Zonitidae, Philomycidae, Ariophantidae, Urocyclidae (TAYLOR, 1894 (TAYLOR, -1917 PILSBRY, 1919; VAN GOETHEM, 1977) and possibly other families (TOMPA, 1980) , although not all species of a given family may possess a dart. This structure has been designated by a number of colorful names including love-dart, fleche d'amour, Liebespfeil, spiculum amoris, hasta amatoria, telum veneris, and gypsobelum. Commonly, as in Helix aspersa, a new dart is formed after loss during mating. However, certain snails, e.g., Philomycus, never lose the dart (see TOMPA, 1980) . The timing and importance of dart release in Helix has been examined by JEPPESEN (1976) who found that while dart release behavior is necessary for mating in Helix pomatia, the actual presence of the dart is not required to complete the mating ritual. This does not, however, preclude the importance of the dart in assuring successful cross fertilization and subsequent egg laying.
Most of our information on dart structure, occurrence, and use comes from the family Helicidae. The early literature on darts of this family has been compiled by ASHFORD (1883-85) . TAYLOR (1900) later classified darts according to their complexity and structure and showed that dart morphology generally appears to be species specific. Despite potential interest in the dart as a character of taxonomic significance and as an element of species recognition during courtship behavior, there have been no detailed studies of dart formation beyond the observation that in Helix aspersa dart replacement apparently requires five to eight days (STANDEN, 1892) . In the present study, I have followed the structural changes during dart formation in the snail Helix aspersa at intervals after mating using soft x-radiography of intact dart sacs. Use of x-radiography to examine the growth of darts in Helix has two distinct advantages:
it permits one to examine the spatial relationships between the dart sac and the dart during growth and it leaves the dart sac undamaged for subsequent histological examination.
MATERIALS AND METHODS
Care of animals. Mature Helix aspersa obtained from California were maintained in the laboratory in glass or plastic aquaria. They were fed lettuce, carrots and calcium carbonate ad libitum and were examined several times each day for mating behavior. When pairs of snails were seen in copulation, the time was noted. After mating, which involves loss of the dart by each animal as well as reciprocal sperm (spermatophore) exchange, the pair was placed into a separate container marked with the date and hour.
